ORIGINAL 
Application Based on 

Docket 83373F-P 

Inventors: John P. Spoonhower and David L. Patton 
Customer No. 01333 



DIGITAL ANALOG RECORDING USING NEAR FIELD OPTICAL 
IMAGING 



Commissioner for Patents, 
ATTN: BOX PATENT APPLICATION 
Washington, D. C. 20231 



Express Mail Label No.: EL656971453US 

Date: Q cZUuaJ ^ ^ 0 ' 



G:\Mss\F-P\DOCKETS\83373\exppage.doc 
26 October 2001 02:01 PM 



DIGITAL ANALOG RECORDING USING NEAR FIELD OPTICAL 

IMAGING 

FIELD OF THE INVENTION 

This invention relates to an article, system and method used for 
creating a digital/analog recording. 

BACKGROUND OF THE INVENTION 

Recent advances in optics provide for a method of exposure of 
materials on a length scale much smaller than previously realized. Such near-field 
optical methods are realized by placing an aperture or a lens in close proximity to 
tiie surface of the sample or material to be exposed. Special methods for 
positioning control of the aperture or lens are required, as the distance between the 
optical elements (aperture or lens) and the material surface is extremely small. 
Betzig and Trautman in US Patent No. 5,272,330 reported on the use of tapered 
optical fibers as a means of providing exposures in extremely small areas; 
exposures of the size of 10 nm in area are now relatively commonplace. In this 
case, the fiber tip position is maintained to be within some nanometers (typically 
10-50) of the target surface. Others (see, for example, the review by Q. Wu, L. 
Ghislain, and V.B. Elings, Proc. IEEE (2000), 88(9), pg. 1491-1498) have 
developed means of exposure by the use of the solid immersion lens (SIL). The 
SIL is positioned within approximately 0.3 micrometer of the target surface by the 
use of special nano-positioning technology as in the case of the tapered optical 
fiber. SIL technology offers the advantage that the lens provides a true imaging 
capability, i.e. features in a real object can be faithfully rendered in an image of 
reduced spatial extent. In the case of the SIL, images can be produced much 
smaller than the image size achievable through the use of conventional or classical 
optics. Such conventional optics is said to be diffraction-limited because the size 
of the smallest feature in an image is limited by the physical diffraction. 
Exposures produced by means of the SIL or other near-field optical methods can 
be much smaller in spatial extent than those produced by conventional optical 
systems and still be readable. Near-field optics has been used to create single 
marks in recording media and used to capture images not capable of being 



captured using a conventional optical microscope. A problem of the prior art 
image storage is that it relies on a single method for retrieving the image. For 
example; in a digital data storage system the data is encoded in a digital file, while 
in an optical system an analog image is recorded When the digital file is written, 
a protocol or hierarchical file structure is used to specify to the reading device 
how the data has been written. Over time, different methods of recording or 
writing, including different means of encoding the data in digital files evolve and 
the devices and media used to read the files may change and become obsolete. 
When this happens it becomes very difficult if not impossible to retrieve these 
files. In the case where images are used as the means for recording and storing 
data, larger amounts of storage space on the recording medium and different 
materials are required for recording and storing the data compared to digital 
methods. 

Near-field technology as used in the present invention provides a 
means of exposure to be used in the production of small images and to use these 
images for the production of a novel image storage system capable of mixed 
analog and digital means of storage. Such a mixed mode storage system has the 
advantage of providing image storage with retrieval means independent of digital 
storage format specifications, while requiring less space than conventional image 
storage means. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention there is 
provided a method of making a digital and analog image storage product, 
comprising the steps of: 

providing a photosensitive medium capable of forming an image 
thereon when exposed to light and is also capable of storing data in a digital 
format; and 

providing an analog and digital image on the medium 
simultaneously using a near-field-imaging device. 

In accordance with another aspect of the present invention there is 
provided a data storage product having a support having a first surface and a 
second surface, the first surface having a layer made of a material on which digital 



data may be printed. The second surface having a photosensitive layer made of a 
material on which analog image may be printed. 

In accordance with yet another aspect of the present invention there 
is provided a method for encoding digital data and image data on a storage 
product such that optical images or portions of optical images formed thereon can 
be read optically without interfering with reading of the digital data, comprising 
the steps of: 

forming digital data in a storage product; 

forming optical images on the storage product in a separate step. 

In yet another aspect of the present invention there is provided a 
storage device having a photosensitive layer capable of retaining an optical image 
thereon and wherein the optical images may be written in a digital format that can 
also be read digitally. 

These and other aspects, objects, features and advantages of the 
present invention will be more clearly understood and appreciated from a review 
of the following detailed description of the preferred embodiments and appended 
claims and by reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the detailed description of the preferred embodiments of the 
invention presented below, reference is made to the accompanying drawings in 
which: 

Fig. la is a plan view of a digital/analog recording medium made 
in accordance with the present invention; 

Fig. lb is an enlarged partial view of the digital/analog recording 
medium of Fig. la as represented by the circle lb; 

Fig. 2a is a cross-sectional view of the medium of Fig 1 a as taken 
along line 2a - 2a of Fig. la; 

Fig. 2b is a cross-sectional view of a modified medium made in 
accordance with the present invention having a digital recording layer on one 
surface of the medium and an analog recording layer on the other surface of the 
medium; 



Fig. 2c is a cross-sectional view similar to Fig. 2b of yet another 
modified medium made in accordance with the present invention having a 
separate digital recording layer and a separate analog recording layer on same side 
of the medium; 

Fig. 3 is a schematic view of an apparatus for forming the 
digital/analog image record on the medium of Fig. la using near-field optics; 

Fig. 4 is a flow chart illustrating a method for making the medium 

of Fig. la; 

Fig. 5a is a schematic view of a reading/retrieval apparatus made in 
accordance with the present invention used for retrieving the images formed on 
the medium described in Fig. 2a; 

Fig. 5b is an enlarged partial view of the image retrieved and 
displayed for viewing by the apparatus described in Fig. 5a; 

Fig. 6a is a top plan view of a modified digital and analog 
recording medium of Fig. 2b as taken along line 6a - 6a; 

Fig. 6b is a bottom plan view of the digital and analog recording 
medium of Fig. 2b as taken along line 6a- 6a; 

Fig. 6c illustrates a greatly enlarged view of one of the images that 
forms part of the digital record of Fig. 6a where part of the digital record is 
actually the same image recorded (analog) using near-field optical imaging in Fig. 
6b. 

Fig. 6d illustrates a greatly enlarged view of another one of the 
images that forms part of the digital record of Fig. 6a where part of the digital 
record is actually the same image recorded (analog) using near-field optical 
imaging in Fig. 6b; 

Fig. 7 is a schematic view of a modified reading/retrieval apparatus 
also made in accordance with the present invention used for retrieving the images 
formed on the modified medium described in Fig. 2b; 

Fig. 8a is a top plan view of yet another modified digital and 
analog recording medium of Fig 2c; 

Fig. 8b is a top plan view of yet another modified digital and 
analog recording medium of Fig 2c; and 



Fig. 9 is a schematic view of yet another apparatus also made in 
accordance with the present invention used for forming separate digital and 
separate analog images recorded on the same surface of the medium of Fig 2c 
using near-field optics. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention has been described in detail with particular reference 
to certain preferred embodiments thereof, but it will be understood that variations 
and modifications can be affected within the spirit and scope of the invention. 

The digital/analog storage system comprises digital data "bits" (for 
example, marks on a storage medium such as an optical disk as described later 
herein), which are analog "near-field optical images" or portions of analog images 
as shown in Fig. lb. The data bits 1 9 are of such size that they can be read 
digitally to obtain a digital record and read in an analog means also to obtain an 
image. Applicants have found the size of the data bits can be of the order of 10 
micron to 500 microns, depending upon the size and resolution requirements of 
the image. The method comprises imaging using an imaging device as described 
in Fig. 3, which employs near-field optics. This method provides archival storage 
of images that is independent of a particular digital file format 

Referring to Fig. la, there is illustrated a plan view of medium 5. 
In the particular embodiment illustrated, the medium 5 is an optical disk. The 
medium 5 can be any one of a variety such as a CD-rom, writeable CD, DVD, 
writeable DVD, digital optical tape, etc. The medium 5 containing a plurality of 
near-field optical images 10 recorded as digital bits 19 in a digital data stream 20 
shown in an enlarged plan view in Fig lb. Fig. lb illustrates one of the images 10 
that form the data stream 20 where the data steam 20 is actually the same image 
illustrated in Fig. lb recorded digitally. Preferably the length "1" of the image of 
the image 10 is no greater than about 500 microns. The image 10 can be a circle, 
square, rectangle, ellipse, etc. A plurality of images 10 are formed on the medium 
5 using near-field optics, which will be explained later in Fig 3. The digital data 
stream 20 is created by forming a plurality of images 1 0 in a pattern of 1 6 or 32 
bit data streams with start bits and stop bits capable of being read and decoded 



using known methods for reading and decoding digital data , for example, run 
length encoding. 

Referring to Fig. 2a, there is illustrated a cross-sectional view of 
the medium 5. The medium 5 comprises a support structure 12. In the particular 
embodiment illustrated, the support structure 12 is polycarbonate. Over the 
support structure 12 there is provided die imaging layer 16 that can be coated 
directly onto the support structure 12. The imaging layer 16 is made of a material 
that changes characteristics when exposed to different wavelengths of light 
(photosensitive). This material can be, for example, photo-chromic molecules, 
fluorescent materials and/or silver halide emulsions. In the embodiment 
illustrated the imaging layer 16 is coated directly onto the support structure 12, as 
is well known to those skilled in the art the imaging layer and the support 
structure can be one and the same. If desired, a protective layer 33 can be applied 
over the imaging layer 16. The protective layer 33 can be formed using acrylic, 
acrylic polymers, vinyl polymers, polyurethanes, polyesters, and the like. The 
protective layer 33 can also be formed using chemical vapor deposition with 
material such as oxides and/or nitrides. In either case the protective layer can 
have a maximum thickness tl on the order of 100 nanometers, when such near- 
field recording methods are used. 

Referring to Fig. 2b there is illustrated cross-sectional view of a 
modified medium 5 made in accordance with die present invention. In the 
particular embodiment illustrated modified medium 5 has a digital recording side 
"A and an analog recording side "B". The support structure 12 for example is 
polycarbonate. A digital recording layer 14 is provided on the top surface 17 of 
the support structure 12. The digital recording layer 14 is a dye, for example, 
metallized phthalocyanine. A protective layer 33 can be placed over the digital 
recording layer 14. An analog imaging layer 36 is provided on the bottom surface 
34 of the support structure 12. The analog imaging layer 36 can be, for example, 
photo-chromic molecules, fluorescent materials and/or silver halide emulsions. A 
protective layer 37 can be placed over the analog imaging layer 36. The 
protective layers 33 and 37 can be formed using acrylic, acrylic polymers, vinyl 
polymers, polyurethanes, polyesters, and the like. The protective layers 33 and 37 



can also be formed using chemical vapor deposition with material such as oxides 
and/or nitrides. In either case the protective layers can have a maximum thickness 
of tl and t2 respectively on the order of 100 nanometers. 

Referring to Fig. 2c there is illustrated a cross-sectional view of 
another modified medium 5 made in accordance with the present invention. Like 
numbers represent like parts and operations as previously described. In the 
particular embodiment illustrated modified medium 5 a separate analog recording 
layer 16 and a separate digital recording layer 14 is provided on the same side of 
the support structure 12. The analog imaging layer 16 can be for example photo- 
chromic molecules, fluorescent materials and/or silver halide emulsions. The 
digital recording layer 14 is a dye, for example, metallized phthalocyanine. A 
protective layer 33 can be placed over the analog recording layer 16. The 
protective layer 33 can be formed using acrylic, acrylic polymers, vinyl polymers, 
polyurethanes, polyesters, and the like. The protective layer 33 can also be formed 
using chemical vapor deposition with material such as oxides and/or nitrides. In 
either case the protective layer can have a maximum thickness tl on the order of 
100 nanometers. In the embodiment shown the analog recording layer 16 is 
coated directly onto the digital recording layer 16. It is well known by those 
skilled in the art that a substrate not shown may be required between the two 
layers. 

Referring now to Fig. 3, there is illustrated an apparatus 50 for 
forming the image(s) 10 on medium 5. The object 51 is a macroscopic 
representation of the image 10 to be formed on medium 5. The image 10 is 
formed in the imaging layer 16 by transferring light from the object 51 . The light 
beam 49 from a light source 53 reflects from a beam splitter 55, through a lens 
system 62 reflects off the object 51, and passes through an objective lens 54 of 
conventional design and impinges onto a solid immersion lens (SIL) 56. The 
medium 5 resting on a stage 57 is placed within a critical distance f. Images 
formed from such a system will have a high lateral spatial resolution in layer 16. 
The light beam 52 passes through an objective lens 54 of conventional design and 
impinges onto a solid immersion lens (SIL) 56. The SIL 56 is positioned within 
the near-field-coupling limit appropriate for the particular lens in use by the use of 



a positioning device 58. European Patent No. 1083553 provides an example of 
the means to position an SIL at the appropriate distance from the recording 
surface, which is incorporated by reference herein. Such a positioning device 
could be a flying head as is used in hard disk storage devices. Alternately there 
are many known in the art as nano or micro positioning technologies. The image 
10 can be obtained from a variety of sources such as an illuminated object, a 
negative, print, and/or a softcopy display. The softcopy display can be a CRT, 
OLED or other similar type device. The image 10 can be monochrome or color. 

Now referring to Fig. 4, there is illustrated a flow chart of the 
method according to the present invention. The method comprises creation of a 
digital file of the characteristic image to form the image 10. A digital file of the 
image is obtained at step 100. Such image digitization methods are well known to 
those versed in the art. The digital file may be obtained by scanning a negative or 
hard copy of the image such as a print, from a digital camera, from a storage 
device such as a CD, floppy disk, memory stick, PCMCIA card, etc. The digital 
representation of the image is encoded by any one of a variety of means, such as 
run length encoding. An object 51 of the digital image 10 is created at step 110 
using a variety of means such as a softcopy display. The image 10 can be black 
and white or color. The softcopy display can be a CRT, organic light emitting 
diode (OLED) display, or other similar type device. Using near-field optics, the 
image 10 is formed onto the medium 5 at step 120 so as to produce a digital record 
and an analog record of the image 10. The forming of the digital record typically 
involves creation of marks or pits in the recording media. The data once encoded 
are read out by recording electronic signals that indicate varying light reflectance 
levels as a consequence of the presence of the marks. For analog recording, the 
image may be read out using a variety of means including variation in the 
reflectance, or fluorescence signal. There is an additional media requirement 
however in this case; the media must have a response dynamic range capable of 
capturing the intensity variation in the original scene, unless simple black and 
white images are all that is required. 

Referring now to Fig. 5a, the image(s) 10 previously recorded on 
the layer can be retrieved by optical (analog) means or by digital technology. The 



image(s) 10 are retrieved via the analog method by scanning or optically viewing 
the medium 5. The image(s) 10 can be viewed using magnifying imaging device 
80 to retrieve by analog means the image(s) 10 from the medium 5. The light 
beam 82 from a light source 84 reflects from a beam splitter 86 and passes 
through an objective lens 88 of conventional design and impinges onto a solid 
immersion lens (SIL) 90. The medium 5 in the form of an optical disk resting on 
a stage 92 is placed within a critical distance f. The SIL 90 is positioned within 
the near-field coupling limit appropriate for the particular lens in use by the use of 
a positioning device 94. Such a positioning device could be a flying head as is 
used in hard disk storage devices. The light beam 82 is reflected from the image 
10 on the imaging layer 16 of the medium 5, passes through the SIL 90, the 
objective lens 88, and the beam splitter 86, forming the image 10 onto a sensor 96 
by a lens system 98. 

Still referring to Fig. 5a, the image(s) 10 that have been recorded 
digitally can be retrieved by digital means using a laser 91, photo detector 93 and 
logic, and control and memory unit 95 as known by those of ordinary skill in the 
art. 

Referring now to Fig. 5b, an enlarged view of the image 10 
retrieved by the device 80 is shown. Using the imaging device 80, the image 10 is 
displayed for viewing. 

Referring now to Figs. 6a and 6b, there is illustrated plan views of 
the modified medium 5 made in accordance with the present invention. In the 
embodiment shown the modified medium 5 is an optical disk. The modified 
medium 5 can be any one of a variety such as a CD-rom, writeable CD, DVD, 
writeable DVD, digital optical tape, etc. The modified medium 5 is comprised of 
side "A" (Fig. 6a) which shows a digital record 200 of the images 240 and 250 
illustrated in Figs. 6c and 6d respectively and side "B" which shows a analog 
record 220 and 230 of images 240 and 250 respectively illustrated in Figs. 6c and 
6d as described in Fig. 2b. The modified medium 5 allows for both the digital 
record 200 and analog record 220 of images on the same medium 5. 
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Fig. 6c illustrates one of the images 240 that forms part of the 
digital record 200. The same image 240 is also recorded (analog) using near-field 
optical imaging on side "B" as represented by 220. 

Fig. 6d illustrates another one of the images 250 that forms part of 
the digital record 200. The same image 250 is recorded (analog) using near-field 
optical imaging on side "B" as represented by 230. 

Referring now to Fig. 7, the images 10 that has been optically 
recorded on side "B" (see Fig. 6b) are retrieved by optical (analog) means and the 
images 10 that are contained in the digital record 200 on side "A" (see Fig. 6a) are 
retrieved by digital means. The images 10 on side "B" are retrieved via the analog 
method by optically viewing the medium 5 using near-field optical imaging. The 
images 10 can be viewed using magnifying imaging device 80 to retrieve by 
analog means the images 10 from the medium 5. The light beam 82 from a light 
source 84 reflects from a beam splitter 86 and passes through an objective lens 88 
of conventional design and impinges onto a solid immersion lens (SIL) 90. The 
modified medium 5 in the form of an optical disk resting on a stage 92 is placed 
within a critical distance f;. The SIL 90 is positioned within the near-field 
coupling limit appropriate for the particular lens in use by the use of a positioning 
device 94. Such a positioning device could be a flying head as is used in hard disk 
storage devices. The light beam 82 is reflected from the image 10 on the medium 
5, passes through the SIL 90, the objective lens 88, and the beam splitter 86, 
imaging the image 10. The images 10 can also be imaged onto the sensor 96 by 
the lens system 98 by illuminating the image 10 via light beams 97 from a light 
source 99 which transmit through the modified medium 5. 

The images 10 can be retrieved from the digital record 200 on side 
"A" by digital means using a laser 91, photo detector 93 and logic, and control 
and memory unit 95 as known by those of ordinary skill in the art. 

Referring now to Fig. 8a, there is illustrated a plan view of the yet 
another modified medium 5 made in accordance with the present invention. Like 
numbers represent like parts and operations as previously described. In the 
particular embodiment illustrated modified medium 5 is an optical disk (as 
described in Fig. 2c) with the separate analog recording layer 16 and separate 
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digital recording layer 14 provided on the same side of the medium 5. The digital 
recording layer 14 is below the analog recording layer 16. The modified medium 
5 can be any one of a variety such as a CD-rom, writeable CD, DVD, writeable 
DVD, etc. The modified medium 5 shows digital records 260 and 270 and analog 
5 records 280 and 290 respectively. The arrows 282, 283, 284, and 285 indicate the 
images such as shown in Figs. 6c and 6d can extend in a circle around the medium 
5. The modified medium 5 allows for both the digital records 260 and 270 and 
analog records 280 and 290 of images on the same side of the medium 5. 

Referring now to Fig. 8b, there is illustrated a plan view of the yet 

10 another modified medium 5 made in accordance with the present invention. Like 
numbers represent like parts and operations as previously described. In the 
particular embodiment illustrated modified medium 5 is an optical disk (as 
described in Fig. 2c) with the separate analog recording layer 16 and separate 
digital recording layer 14 provided on the same side of the medium 5. In the 

15 particular embodiment shown the and analog records 280 and 290 can be formed 
in area "C" and the digital records 260 and 270 can be formed in area "D". 
Referring to Fig. 9, there is illustrated yet another apparatus 50 for forming both 
the digital data stream 20 and the analog image(s) 10 on medium 5 made in 
accordance with the present invention. Like numbers represent like parts and 

20 operations as previously described. The data stream 20 is recorded on the digital 
recording layer 14 using the laser 91, photo detector 93 and logic, control and 
memory unit 95 as known by those of ordinary skill in the art. The analog image 
10 of the object 51 is formed in the imaging layer 16 by transferring light from the 
object 51 . The light beam 49 from a light source 53 reflects from a beam splitter 

25 55, through a lens system 62 reflects off the object 51 and passes through an 

objective lens 54 of conventional design and impinges onto a solid immersion lens 
(SIL) 56. The medium 5 resting on a stage 57 is placed within a critical distance 
f; images formed from such a system will have a high lateral spatial resolution in 
layer 16. The light beam 52 passes through an objective lens 54 of conventional 

30 design and impinges onto a solid immersion lens (SIL) 56. The SIL 56 is 

positioned within the near-field-coupling limit appropriate for the particular lens 
in use by the use of a positioning device 58. European Patent No. 1083553 
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provides an example of the means to position an SIL at the appropriate distance 
from the recording surface, which is incorporated by reference herein. Such a 
positioning device could be a flying head as is used in hard disk storage devices. 
Alternately there are many known in the art as nano or micro positioning 
technologies. The image 10 can be obtained from a variety of sources such as an 
illuminated object, a negative, print, and/or a softcopy display. The softcopy 
display can be a CRT, OLED or other similar type device. The image 10 can be 
monochrome or color. 

Thus it can be seen that the present invention provides a image 
storage device and method wherein the storage device includes a photosensitive 
layer capable of retaining an optical image thereon and wherein the optical images 
may be written in a digital format that can also be read digitally. 

The invention has been described in detail with particular reference 
to certain preferred embodiments thereof, but it will be understood that variations 
and modifications can be effected within the spirit and scope of the invention. 
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